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After more than 100 years since Alzheimer's disease (AD) was first described, the scientific community has not been able to discover an effective molecule to modify or stop its progression (Hardy et al., 2014). Thus, the development of compounds to improve or alleviate neurodegeneration has become one of the major challenges for the future in the field of biomedicine (Cao et al., 2018).

In a recent review, all the drugs that are currently postulated as potentially effective to modify the evolution of AD have been summarized. From those, 26 are already on Phase III trials (Cummings et al., 2018) and, at least 50% of the total number of molecules that are currently under research are directly involved in the modulation of the amyloidogenic pathway. In **[Figure 1](#F1){ref-type="fig"}**, some of the mechanisms in which amyloid beta (Aβ) is involved are depicted. It has been described that the oligomers promote microglial activation and promote neuroinflammation. Also, they can affect many other different intracellular organelles and pathways (mitochondria, endoplasmic reticulum, cell cycle, etc) that eventually lead to neuronal death and cognitive loss (Cline et al., 2018). The objective of Aβ-related treatments is the reduction of the levels of soluble oligomers by decreasing their production through the inhibition of beta-secretase (BACE-1) or gamma secretase or, by increasing the degradation and clearance of the oligomers. However, clinical trials with compounds like solanezumab, a humanized monoclonal antibody that recognizes soluble Aβ and increases its clearance from the brain, has failed to slow the clinical progression of mild-to-moderate AD patients (Honig et al., 2018). This data suggests that Aβ is not the only element involved in AD and it may actually be a cofactor that behaves as an aggravator while other alterations are the actual cause (Tse and Herrup 2017). Consequently, the fact that half of the research efforts are single-mindedly focused on the study of the amyloidogenic hypothesis does not favour the discovery of new beneficial therapies and strategies to treat and understand the disease. It is important to emphasise that 95% of AD cases are classified as sporadic or late-onset (LOAD) and, therefore, the previously mentioned drugs would only be potentially effective for the subtype labelled as genetic AD which accounts for the remaining 5%.

![Schematic representation of potential molecular pathways involved in Aβ-induced brain neuronal apoptosis, microglial activation and cognitive affectation.\
Aβ induces glial reactivity coupled with increased cytokine levels. TNFα activates JNK favoring IRS1 serine-inhibitory phosphorylation and posterior impaired insulin signaling. Alterations on normal activity of this axis also affects other downstream effectors like PI3K, PDK and AKT which are closely involved with synaptic function. Inhibition of AKT allows for activation of GSK3β, increasing abnormal Tau phosphorylation and posterior neuronal apoptosis. In addition, tyrosine residue phosphorylation by Aβ promotes insulin receptor internalization; exacerbating insulin signaling defects and promoting AD-related cognitive decline. Furthermore, Aβ induces prolonged endoplasmic reticulum stress and activation of the unfolded protein response (PERK/eIF2α/ATF4/CREB), which is also involved in cognitive loss phenomena. Finally, Aβ also promotes NMDA receptor activation, increase in cytosolic calcium levels and mitochondria and ER stress. In the end, all these alterations favor neuronal re-entry into the cell cycle and apoptosis. The relationship between the previously described mechanisms has been indicated in the figure by complete black and red arrows. Aβ: Amyloid beta; TNFα: tumor necrosis factor α; JNK: c-Jun N-terminal kinases; IRS-1: insulin receptor substrate; PI3K: phosphoinositide 3-kinase; PDK: phosphoinositide-dependent protein kinase; AKT: protein kinase B; GSK3β: glycogen synthase kinase 3β; PERK: protein kinase R-like endoplasmic reticulum kinase; eIF2α: eukaryotic initiation factor 2α; ATF4: activating transcription factor 4; CREB: cyclic adenosine monophosphate response element-binding protein; NMDA: N-methyl-D-aspartic acid.](NRR-14-1721-g001){#F1}

New research studies suggest that LOAD should be considered a disease with a multifactorial origin (Wijesekara et al., 2018). It is well known that aging is the main risk factor in its development, however, other mechanisms are involved in this process such as the production of reactive oxygen species in the mitochondria, the activation of the unfolded protein response in the endoplasmic reticulum and the upregulation of proinflammatory responses (Cummings et al., 2018; Swerdlow 2018). These alterations would favour cell cycle re-entry and the inhibition of autophagy, which would increase the accumulation of Aβ and the hyperphosphorylation of Tau. Thus, the key to treating LOAD will possibly be the result of the combination of multiple drugs that will modulate more than one molecular pathway at the same time (McDade and Bateman, 2017; Wenzel and Klegeris, 2018).

In the present review, we summarized available literature reviews found on the PubMed database. The search was not limited by any time period and was conducted between November 2018 and February 2019, with the objective to identify published peer-reviewed articles related to the topic in question in English. The collocated database search keywords were as follows: Alzheimer's disease AND type 2 diabetes, Neuroinflammation AND Alzheimer's disease, insulin AND cognitive decline, Alzheimer's disease treatments AND cognitive decline, Tau AND cognitive impairment, Tau AND Alzheimer's disease. The terms were searched using AND to combine the keywords listed and using OR to remove search duplication where possible.

The inclusion criteria were as follows: i) The period of the publishing of the article was limited by February, 2019. ii) Studies were only included from scientific journals in English. iii) The primary interest was focused on information about the delay of cognitive decline and Alzheimer's disease.

Alzheimer's Disease Treatments {#sec1-2}
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Currently, acetylcholinesterase inhibitors and memantine are the only US Food and Drug Administration-approved drugs for the treatment of AD (Hampel et al., 2018). Acetylcholinesterase inhibitors increase acetylcholine levels by inhibiting the enzyme responsible of its degradation. This mechanism is expected to improve cognitive symptoms of AD by favouring the activation of cholinergic transmission even though, in advanced stages of the disease, accumulation of Aβ oligomers and glutamate cause overstimulation of glutamatergic receptors causing a massive entry of calcium into the cells and, as a result, excitotoxicity (Kodis et al., 2018). Recent studies have linked this pathological overstimulation with neuronal re-entry into the cell cycle by the activation of cyclins and cyclin-dependent kinases and posterior induction of apoptosis through the E2F-1 transcription factor. Memantine acts on the ionotropic receptors of glutamate, specifically the N-methyl-D-aspartic acid receptors, eliciting neuroprotective effects through its low-affinity antagonism. Nonetheless, neither of these drugs are effective on stopping the progression of the disease and only show temporary symptomatic improvements (Cao et al., 2018; Cummings et al., 2018). One of the hypothesis to explain the failure of the treatments until now is that their administration begins when the pathology has already developed and, consequently, it is too late for it to have significant effects. Therefore, it is possible that a pre-emptive administration would have the desired effects that have been described in pre-clinical trials (McDade and Bateman, 2017).

Metabolic Hypothesis of Alzheimer's Disease {#sec1-3}
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Other research groups have focused on the study of other hypotheses to understand the genesis of sporadic AD. For example, it has been described how resistance to insulin in the hippocampus favours cognitive loss (Ferreira et al., 2018). Thus, some research studies have postulated that LOAD should be considered a metabolic disease (Cardoso et al., 2017; Kang et al., 2017; Ferreira et al., 2018).

The first indications of this relationship were observed in the Rotterdam study where it was determined that type 2 diabetes mellitus patients showed a higher risk to suffer dementia than non-diabetic patients (Ott et al., 1996, 1999; Schrijvers et al., 2010). Also, research by Hoyer and colleagues had already described that the desensitization of the insulin receptor (IR) might be the reason for the onset of LOAD (Hoyer, 2002). This hypothesis states that the development of the pathology is due to the appearance of peripheral and central insulin resistance and it may be related to phenomena like obesity, which has been clearly associated with the appearance of cognitive decline. Likewise, it was reported that insulin resistance is associated with a decrease in brain glucose utilization in a late middle-age and can be used as a predictor for the eventual presence of Aβ deposition in multiple brain regions in middle-aged AD patients (Willette et al., 2015; McLimans et al., 2017). Other authors have described that Aβ can bind directly to hippocampal IR localized in postsynaptic terminals. These effects would further reinforce the idea that Aβ oligomers behave as pathology aggravators by inhibiting the activation of the IR or favoring its internalization (Bomfim et al., 2012; De Felice, 2013).

Thus, the amelioration of resistance in the IR would improve the cognitive process and synaptic function through the activation of protein kinase B (AKT), the inhibition of apoptosis and the modulation of mechanisms like the production of Aβ and neuroinflammation. Interestingly, several research studies have described beneficial effects on cognitive function after the use of antidiabetic drugs (De Felice et al., 2014; Ferreira et al., 2018).

For example, some studies administered intranasal insulin in AD patients. The aim was to improve cognition and brain glucose metabolism in people suffering from mild cognitive impairment or AD. However, results from that research study were not successful because continuous activation of the receptor by the hormone caused for its insensitization (De Felice et al., 2014, Clarke et al., 2015; Cardoso et al., 2017). Hence, several research groups concluded that the key is not in stimulating further the receptor but actually to modulate its activation through its regulatory mechanisms. The glucagon-like peptide-1 (GLP-1) receptor agonists such as exendin-4, liraglutide and lixisenatide, could be potential drugs able to improve the cognitive process in AD (Cardoso et al., 2017). The efficacy of liraglutide treatments have been evaluated in clinical trials and hopeful results in cognition activity have been reported. Glucose-dependent insulinotropic polypeptide (GIP) analogues such as D-Ala2-GIP are also under investigation and recently, it has been published that the development of dual peptide agonists GLP-1/glucagon and GLP-1/GIP and triagonists GLP-1/GCG/GIP is underway (Batista et al., 2019). Moreover, the anti-diabetic drug metformin has been described to be another suitable strategy to improve the cognitive process in LOAD (Markowicz-Piasecka et al., 2017). Several clinical trials are currently evaluating the potential efficacy of this drug in patients with mild cognitive impairment and AD (Cummings et al., 2018). It seems that metformin could improve slightly the cognitive process by favouring hepatic activity and improving insulin activity. Finally, thioazolidinediones are agonists of the peroxisome-proliferator activated receptors. Rosiglitazone and pioglitazone are examples of this group of drugs, which are also under investigation for the treatment of this disease (Cummings et al., 2018). Although preclinical studies suggest promising results, clinical studies with peroxisome-proliferator activated receptor γ agonists are required to confirm the potential efficacy of these molecules in improving brain insulin and insulin growth factor 1 resistance, as well as cognition in LOAD patients (Ferreira et al., 2018).

Neuroinflammatory Hypothesis of Alzheimer's Disease {#sec1-4}
===================================================

Over the years, chronic neuroinflammation has been involved in synaptic dysfunctions. In preclinical models, it has been demonstrated that an obesogenic diet leads to loss of hippocampal synaptic plasticity, dendritic spine density and spatial memory through the phagocytosis of synaptic contacts due to increased microglia activity (De Felice et al., 2014; Hao et al., 2016; Rajendran and Paolicelli 2018). Furthermore, the release of cytokines such as tumor necrosis factor α favours cognitive loss through the activation of stress kinases such as the c-Jun N-terminal kinases (Vieira et al., 2018). These enzymes also favour the inactivation of the IR through the phosphorylation of the IR substrate at serine residues, blocking downstream insulin signalling.

Consequently, non-steroidal anti-inflammatory drugs should be considered as a potential strategy to treat neurodegenerative pathologies due to their relevant effect on systemic inflammatory processes (McGeer et al., 2018). These molecules are able to reduce microglial activation *via* canonical antiinflammatory pathways within the brain, decreasing cytokine levels and preventing synaptic loss by phagocytosis. Furthermore, non-steroidal anti-inflammatory drugs can modulate Aβ peptide formation in the brain through peroxisome-proliferator activated receptor γ activation and BACE-1 inhibition, as well as reduce Tau hyperphosphorylation (Ettcheto et al., 2017). Among the most studied non-steroidal anti-inflammatory drugs for the treatment of LOAD, ibuprofen, flurbiprofen and dexibuprofen should be considered while taking into account that neuroprotective effects through microglial inactivation only appear when drugs are administered before the appearance of clinical symptoms (in t' Veld et al., 2001).

Currently, a phase III clinical study on the combination of Cromolyn-Ibuprofen by AZ Therapies (Boston, MA, USA) is underway. The drug, namely ALZT-OP1, has a safe and tolerable profile and is aimed at treating patients with an early cognitive impairment (Cummings et al., 2018).

Tau Hypothesis of Alzheimer's Disease {#sec1-5}
=====================================

Targeting Tau phosphorylation is another viable strategy for AD treatment. Preclinical studies suggest that cognitive loss is well related with an abnormal increase in Tau phosphorylation which, has been reported to have negative effects on metabolism (Marciniak et al., 2017). These results would further reinforce the hypotheses that define LOAD as a metabolic disease. Also, it supports other hypotheses that believe that these mechanisms work on systems based on positive feed-back cycles which would worsen progressively over time.

In a recent study, Preische and co-workers reported that the neurofilament light chain, a component of the axonal cytoskeleton expressed in myelinated axons, could be a suitable marker of brain damage and atrophy in preclinical models and neurodegenerative diseases (Preische et al., 2019). They suggest that neurofilament light chain levels could be mainly a fluid serum biomarker of disease progression and brain neurodegeneration at the early presymptomatic stages of familial AD. However, its clinically potential utility as biomarker in LOAD is unclear and may lead to confusion since it can also be altered by other pathologies.

TRx0237 is a Tau-related disease modifying drug in phase III clinical trials that is supposed to decrease neuronal damage mediated by Tau through the inhibition of its aggregation (Cummings et al., 2018).

Discussion {#sec1-6}
==========

After taking into account some of this information, when considering the paradigm to understand LOAD, it is easy to picture that since the pathology has a multifactorial origin, it will require of more than one drug to treat it. Some researchers believe that the key will be found on the use of cocktails of different drugs, thus allowing for the modulation of different molecular mechanisms. Recent reports have also suggested that the administration of new hybrid compounds called multi-target-directed ligands might be an interesting approach (Wenzel and Klegeris 2018). New drug formulations may include N-methyl-D-aspartic acid antagonists, BACE-1 and acetylcholinesterase inhibitors and other modulators of the IR signalling pathway, neuroinflammatory responses and Tau aggregation (de la Monte et al., 2017; Cummings et al., 2018).

In addition, it is important to insist that current drugs show no significant therapeutic effects because they may be administered too late in the development of the pathology. So, it would be of high interest to determine early stage markers and indicators of the development of the pathology. As an example, recent studies have indicated that an increase of Aβ levels in saliva in LOAD patients can be detected (Lee et al., 2017). Some researchers have reported that treatments may need to be started pre-emptively 15 to 20 years before the actual appearance of clinical symptoms. Midlife may be a critical period for initiating treatments to improve peripheral IR signalling in order to maintain neural metabolism and cognitive function (Willete et al., 2015; Singh-Manoux et al., 2018).

To conclude, it is our belief that an effective AD preventive treatment shall include at least four drugs in a similar strategy to heart attack prevention.
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